We present the full genome sequence of Clostridium sp. strain BNL1100, a Gram-positive, endospore-forming, lignocellulolytic bacterium isolated from a corn stover enrichment culture. The 4,613,747-bp genome of strain BNL1100 contains 4,025 putative protein-coding genes, of which 103 are glycoside hydrolases, the highest detected number in cluster III clostridia.
We present the full genome sequence of Clostridium sp. strain BNL1100, a Gram-positive, endospore-forming, lignocellulolytic bacterium isolated from a corn stover enrichment culture. The 4,613,747-bp genome of strain BNL1100 contains 4,025 putative protein-coding genes, of which 103 are glycoside hydrolases, the highest detected number in cluster III clostridia.
T he discovery and exploration of novel cellulolytic clostridia are essential for the development of technologies for the direct conversion of lignocellulosic biomass to fuels (6, 7). Here we report whole-genome sequencing of Clostridium sp. strain BNL1100, a novel Gram-positive, endospore-forming, lignocellulosic bacterium most closely related to Clostridium cellulolyticum and Clostridium papyrosolvens. The genome information will be useful for exploring Clostridium sp. BNL1100 as a biomass-decomposing microorganism for biofuel production.
Clostridium sp. BNL1100 was isolated from a corn stover enrichment culture. Genome sequencing was performed using a combination of Illumina (1) and 454 technologies (8) by the DOE Joint Genome Institute. The initial draft assembly contained 67 contigs in 1 scaffold. All 454 data were assembled with Newbler version 2.3. The Newbler consensus sequences were computationally shredded into 2-kb overlapping shreds. Illumina sequencing data were assembled with Velvet version 1.0.13 (9) , and the consensus sequence was computationally shredded into 1.5-kb overlapping shreds. All shreds were integrated with the 454 library read pairs using parallel phrap version SPS-4.24 (High Performance Software, LLC). Consed (2-4) software was used in the finishing process. Illumina data were used to correct potential base errors and increase consensus quality using the software Polisher (A. Lapidus, unpublished data). Possible misassemblies were corrected using gapResolution (C. Han, unpublished data) or Dupfinisher (5) or through subcloning. Gaps between contigs were closed by editing in Consed and by Bubble PCR primer walks. The final assembly is based on 56.8 Mb of 454 draft data which provides an average coverage of 12.3ϫ and 1,980 Mb of Illumina draft data which provides an average coverage of 430.4ϫ.
The complete genome is composed of a circular chromosome of 4,613,747 bp (37.26% GC content), which includes 4,025 coding genes, 61 tRNAs, and 8 rRNA operons. A total of 3,012 coding genes (73.16% of the total) have putative functions assigned on the basis of annotation.
A preliminary analysis of the genome reveals that it contains a total of 103 glycoside hydrolases, the highest detected number in cluster III clostridia. These enzymes belong to 33 glycoside hydrolase families, with the most abundant being GH5, GH9, and GH43 (8, 14 , and 13 enzymes, respectively). Despite having a great deal of overlap with the close relatives C. cellulolyticum and C. papyrosolvens, Clostridium sp. BNL1100 is unique in that it is the only Clostridium species to have a xylan ␣-1,2-glucuronidase (EC 3.2.1.131) belonging to the GH115 family. The genome sequence also revealed that this organism possesses a cellulosome, with a scaffolding protein with organization similar to that of the scaffolding protein of C. cellulolyticum and with 39 glycoside hydrolases containing dockerin domains. In terms of its key metabolic pathways, Clostridium sp. BNL1100 possesses glycolytic and fermentative pathways identical to those of C. cellulolyticum while possessing a complete pentose phosphate pathway identical to the one found in C. papyrosolvens.
Nucleotide sequence accession number. The complete genome sequence of Clostridium sp. BNL1100 has been deposited in GenBank under accession number CP003259.
